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Abstract. Our sample of giant radio-source candidates, published in Paper I, is updated and supplemented with
further radio and optical data. In this paper we present: (i) newly detected host galaxies, their photometric
magnitude, and redshift estimate for the sample sources not identified yet, (ii) optical spectra and spectroscopic
redshift for the host galaxies fainter than about R ≈ 18.5 mag taken with the Apache Point Observatory 3.5m
telescope, and (iii) the VLA 4.9 GHz total-intensity and polarised-intensity radio maps of the sample members. In a
few cases they reveal extremely faint radio cores undetected before, which confirm the previously uncertain optical
identifications. The radio maps are analysed and the polarisation properties of the sample sources summarised.
A comparison of our updated sample with three samples published by other authors implies that all these four
samples probe the same part of the population of extragalactic radio sources. There is no significant difference
between the distributions of intrinsic size and radio power among these samples. The median redshift of 0.38±0.07
in our sample is the highest among the corresponding values in the four samples, indicating that the angular size
and flux-density limits in our sample, lower than those for the other three samples, result in effective detections of
more distant, giant-size galaxies compared to those detected in the other samples. This sample and a comparison
sample of ‘normal’-size radio galaxies will be used in Paper III (this volume) to investigate of a number of trends
and correlations in the entire data.
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1. Introduction
Existing analytical models of the dynamical evolution of
classical double radio sources (e.g. Kaiser et al. 1997;
Blundell et al. 1999; Manolakou & Kirk 2002) predict that
the largest sources must represent a very late phase of
their lifetimes. In fact, the most extended structures are
observed at rather low redshifts, confirming the effect of
‘youth-redshift degeneracy’ postulated by Blundell et al.
Therefore, a search for ‘giant’ radio sources at high red-
shifts can reveal environmental conditions in denser, not
yet fully virialised, extragalactic medium very likely gov-
erning the size evolution. On the other hand, their high-
est energy content, the large ordered magnetic field struc-
tures, the typical absence of strong large-scale shocks, and
very low upper limits on their internal thermal plasma
densities, make them - according to Kronberg et al.
(2004) - ‘prime and unique laboratories for constraining
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the plasma processes that accelerate relativistic electrons
within large extragalactic volumes’.
For proper statistical studies of the above conditions
and constraints, numerous complete samples of extended
radio sources are necessary. The above idea was followed
at the same time by independent teams (Schoenmakers
et al. 2001; Lara et al. 2001; Machalski, Jamrozy & Zola
2001 [hereafter Paper I]). All of these three samples were
selected from the large radio surveys: WENSS (Rengelink
et al. 1997) and NVSS (Condon et al. 1998). Recently
another sample of giant-size radio sources, selected from
the SUMSS (Bock et al. 1999) survey in the southern sky
hemisphere, has been published by Saripalli et al. (2005).
In Paper I we presented a sample of 36 large angular-
size, double radio sources, in principle with the FRII-type
(Fanaroff & Riley 1974) morphology, selected from the
VLA 1.4-GHz sky surveys: NVSS and the first part of
FIRST (Becker et al. 1995). These two surveys provide
radio maps of the sky with two different angular reso-
lutions (45′′ and 5′′, respectively) at the same observing
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frequency, allowing for (i) effective removal of confusing
sources, (ii) reliable recognition of double-source identity
and determination of its morphological type, and (iii) (for
many of the sample sources) determination of the radio
core component necessary for the proper identification of
the selected source with its host optical object (mostly a
galaxy).
In order not to miss sources larger than 1
Mpc1 at a redshift above 0.3, the sample candi-
dates were selected according to the following selec-
tion criteria: each source lies within the sky area
of 0.47 sr, limited by 07h20m<RA(2000)<17h30m and
+28◦5<Dec(2000)<+41◦0, and also has the FRII (or
eventually FRI/II) morphological type and an angular
size larger than 3′, as well as the 1.4-GHz flux density 30
mJy<S1.4<500 mJy. The last criterion sensibly excluded
the already well-known giants lying in the sample area
(e.g. B 0854+399, 3C236, B 1358+305).
In Paper I we presented (i) high-resolution VLA obser-
vations at 4.86 and 8.46 GHz, which allowed us to detect
very weak radio cores in a number of sample sources un-
detected during the FIRST survey and to identify them
with their optical counterparts, (ii) deep optical detec-
tions of 9 faint host galaxies beyond the magnitude lim-
its of the existing data bases (Palomar Observatory Sky
Survey [POSS], Digitized Sky Survey [DSS]) and their
crude photometry, and (iii) low-resolution optical spec-
tra that provided redshifts for 11 identified host galaxies
brighter than about R ≈ 18.5 mag (for the other 5 galax-
ies their redshifts were known prior to our observations).
Consequently, there was no radio core detection for 8 sam-
ple sources, uncertain optical identification for 6 sources,
no identification for 4 sources with a core, and no redshift
for 15 identified galaxies with ∼18.5 < R < 21.7 mag.
In this Paper we (i) update the original sample pre-
sented in Paper I with the new data. These data include
further radio core detections, related to that new iden-
tifications with a host optical object (usually a galaxy)
and its photometry, spectroscopic redshifts for 4 galaxies
with ∼18.5 < R <∼19.5 mag, and photometric redshift
estimates for the faintest identified galaxies. We also (ii)
report new VLA observations and present 4.9 GHz maps
of the sample sources taken with the C-array or D-array
configurations, and derive the sources’ polarisation param-
eters.
The detailed procedure and technique of the new op-
tical and radio observations are described in Sect. 2. The
deep optical images of the newly detected host galax-
ies, the long-slit optical spectra, the faint radio cores
detected, and the 4.9-GHz total-intensity and polarised-
intensity maps are shown in Sect. 3. The updated sam-
ple is given in Sect. 4. The radio maps are analysed, and
the physical parameters, as well as the polarisation prop-
erties of the sample sources, are summarised in Sect. 5.
1 A conventional lower limit for the projected linear extent
of giant radio sources if H0=50 kms
−1Mpc−1 and q0=0.5 used
in most of previously published papers
Throughout this paper we use the cosmological constants
H0=71kms
−1Mpc−1 and Ωm=0.27. The assumption of
these constants reduce the conventional giant-size limit
of 1 Mpc to about 700 kpc.
2. New observations
2.1. Optical imaging and spectroscopy
Deep optical imaging and R-band photometry of objects
within three fields comprising a radio core region of the
unidentified yet sample sources were conducted using the
Asiago Astrophysical Observatory 1.8m telescope at Cima
Ekar (Italy). The CCD frames were taken through the
R-band filter of the Kron-Cousins V RI photometric sys-
tem (Cousins 1976). Exposures of the two standard fields
NGC2419 and NGC4147 (Christian et al. 1985) compris-
ing standards up to R ∼ 20.7 mag were used for the mag-
nitude calibration.
The astrometric calibration was done transforming
the instrumental pixel coordinates of stars in the inves-
tigated frame into their sky coordinates in the DSS data
base. Instrumental magnitudes of objects in the frames,
reduced for bias, dark current, and flat field with the
ESO MIDAS package, were determined using the aper-
ture method. These instrumental magnitudes were then
transformed into Cousins R magnitudes, and their er-
rors were determined in the manner described in Paper
I. As a result, a host galaxy was detected and its ap-
parent R-band magnitude determined for the sources:
J0725+3025, J0816+3347, and J1428+3938. These mag-
nitudes and their errors are given in Sect. 3.1., and marked
with bold-face in column 8 of Table 3.
To detect optical spectrum and determine redshifts of
the identified galaxies that are fainter than about 18.5
mag in the R-band, a large effort was made to get ob-
serving time at optical telescopes of the 3m class. Only
for 6 of the 16 faint host galaxies, spectroscopic obser-
vations were conducted with the 3.5m telescope of the
Apache Point Observatory (Texas) equipped with low-
resolution two-sided spectrograph DIS-II and covering the
spectral range of 3750–5600 A˚(blue side) and 5500–9000
A˚(red side). A 1.′′5 wide slit was used, providing the dis-
persion of 3.15 A˚ pixel−1 and the spectral resolution of
about 7 A˚. The wavelength calibration was carried out
using exposures to argon/neon/helium tube and flux den-
sity calibration by short exposures of a spectroscopic stan-
dard star close to the observed galaxy. The limited expo-
sures of about 30 min were taken, which was sufficient
to determine a redshift for galaxies with emission lines
strong enough to be detected, but not for galaxies only
with continuum emission and absorption bands (Chyz˙y et
al. (2005). Consequently, it was possible to determine the
redshift of the 4 of 6 observed galaxies (cf. Table 3).
All the spectra obtained were reduced in the standard
way, i.e. corrected for bias, dark current, and flat field,
cleaned of cosmic rays, combined, and calibrated using the
longslit package of the IRAF software. One-dimensional
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spectra were extracted interactively, using the observed
intensity profile along the slit to define the apertures and
sky-background regions.
2.2. VLA 4.9 GHz mapping and data reduction
Out of 36 sample sources 20 were observed with the VLA
in the C-array or D-array at 4860 or 4885 MHz. The
observing log is given in Table 1. The primary aim of
the C-array observations was to detect faint radio cores.
The D-array observations were used to map the extended
lobes. For those sample sources with an angular size not
exceeding 400′′, the field of view centred at a midpoint
between the lobes was observed using integration times
from 20 min up to over 180 min, depending on the aver-
age source’s brightness. Lobes of those sources extending
more than 400′′ were observed separately. These integra-
tion times allowed us to reach rms noise values from about
20 µJybeam−1 to about 80 µJy beam−1. The interfero-
metric phases were calibrated approximately every 20 min
with the phase calibrator nearest to the observed source.
The sources 3C48, 3C147, and 3C286 were used as the
primary flux density calibrators, with the last also serving
as the polarisation calibrator.
The data were edited and calibrated using the NRAO
aips software package. Corrections for the instrumental
polarisation were determined for each antenna using con-
secutive observations of the phase calibrators made at
several different hour angles. Polarisation position an-
gles were measured relative to that of 3C286. The data
were not corrected for ionospheric Faraday rotation, which
could not be significant in the C band. After completing
the continuum and polarisation calibrations, the maps of
the Stokes parameters I, Q and U were made and ini-
tially CLEANed with the task imagr. Usually several self-
calibrations were performed to improve their quality. Then
the maps were corrected for the primary-beam attenua-
tion. Because of different original beam size, the maps
were finally convolved to the common angular resolution
of 15′′ × 15′′, 20′′ × 15′′, or 20′′ × 20′′.
The maps of linearly-polarised intensity and fractional
polarisation were made by combining the Q and U maps
with the task comb. They allow determination of the po-
larised flux density at 4.9 GHz, Sp, the mean fractional po-
larisation p¯4.9, and the mean polarisation angle (E-vector)
χ¯4.9 in the lobes of the sample sources. The analysis of the
errors in the total-intensity and polarised-intensity flux
densities, measured on these maps, is given in Sect. 5.2.
3. Observational results
3.1. Deep optical images
The deep optical images of the field around the sam-
ple sources J0725+3025 and J0816+3347 are shown in
Figs. 1a, b. In the first of these sources, the R=22.56±0.05
mag galaxy perfectly coincides with the radio core de-
tected in the FIRST survey. The R=20.29±0.04 mag
Table 1. The 4.9-GHz VLA observing log
Array Project Observation Sources
date
D AJ271 2000,Sept30 J1343+3758(SW lobe)
C AJ282 2001,July2 J1604+3438, J1615+3826
2001,July13 J1253+4041, J1330+3850
D AM743 2003,Feb20 J0912+3510
2003,Feb25 J1343+3758(NE lobe),
J1451+3357
D AM794 2004,June30 J1428+3938, J1445+3051,
J1525+3345, J1554+3945,
J1555+3653, J1604+3731,
J1649+3114, J1712+3558,
J1725+3923
D 2004,July31 J0720+2837, J0927+3510,
J1113+4017, J1155+4041
object identified with the core of the second source is
described in ‘Notes on individual sources’ in Table 3.
The optical field around the source J1428+3938 and its
R=21.11±0.07 mag identification is shown in Fig. 10,
where the new 4.9 GHz contour map is overlaid on it. In
the fields around J0725+3025 and J1428+3938, the faint
identified galaxies lie in short angular separation from very
bright foreground stars.
3.2. Long-slit spectra
The one-dimensional spectra of the observed sam-
ple galaxies are shown in Fig. 2. Three of four spec-
tra exhibit prominent emission lines: [OII]λ3727 and
[OIII]λ4959 and λ5007. The redshift determined for
the galaxy J1712+3558 is based both on the absorp-
tion lines CaIIλ3934 and λ3968, and on a trace of
the line [OII]λ3727. Preliminary spectra for the sources
J1330+3850 and J1513+3841 show no emission lines,
and their crude redshift (given in Table 3) is estimated
from the shape of calibrated continuum compared by eye
with the template spectrum of elliptical galaxies given by
Kennicutt (1992).
3.3. The faint radio-core detection
An effort was made to detect a faint radio core in distant
sample sources, which was not achieved in Paper I, partic-
ularly for the sources unsuccessfully observed in the years
1997–2000, i.e. J0912+3510 and J0927+3510. The sky co-
ordinates and the integrated flux density of the cores,
newly detected in the radio maps presented in the next
subsection, are given in Table 2. The ∆RA and ∆Dec
give the radio-minus-optical offset with respect to the ra-
dio core.
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Fig. 1. Deep images of the optical fields taken with the Asiago 1.8m telescope: (a) around the source J0725+3025
and (b) around the source J0816+3347. The black contours indicate the 1.4 GHz brightness distribution observed in
the FIRST survey, and white contours – the one in the NVSS survey
Table 2. Data of the radio cores detected only at 4.86 GHz
Source RA(J2000) Dec(J2000) Score Deconv. size ∆RA ∆Dec Notes
2
[h m s] [◦ ′ ′′] [mJy] [′′ × ′′] [s] [′′]
J0912+3510 09 12 51.95 +35 10 14.1 0.24±0.04 1.0×1.0 +0.14 −2.0 +
J0927+3510 09 27 50.13 +35 10 48.8 0.15±0.06 12.0×<1.0 −0.45 −1.7
J1253+4041 12 53 12.29 +40 41 24.5 1.00±0.03 1.3×1.3 +0.05 +1.3
J1330+3050 13 30 36.19 +38 50 19.8 0.64±0.09 4.8×3.9 −0.14 −0.1
J1604+3438 16 04 45.88 +34 38 16.1 1.04±0.06 1.2×0.6 −0.04 −0.2 +
J1615+3826 16 15 52.21 +38 26 30.9 0.40±0.07 <0.2×<0.2 −0.02 −0.8
3.4. 4.9 GHz total-intensity and polarised-intensity
maps
The VLA 4860 or 4885 MHz images of the sample sources
observed are presented in Figs. 3 – 20. The total-intensity
contour maps shown in panels (a) are overlaid onto the
optical field taken either from the DSS data base or our
own deep image (e.g. for J0927+3510, J1155+4029, and
J1428+3938). Superimposed are E-vectors (rotated by
90◦) of the linearly polarised emission with their length
proportional to the polarised intensity Sp. The contour
maps of linearly polarised emission with the superim-
posed vectors of the fractional linear polarisation, p4.9,
are shown in panels (b). The full squares in polarised-
intensity maps indicate the positions of the evident hot
spots. In Fig. 20 only the total-intensity map is shown for
the source J1615+3826. It is the only sample source for
which we could not determine any polarisation due to its
very low surface brightness.
4. The updated sample
The update of the sample is presented in Table 3 where
the updated entries and new data are marked in bold face.
The consecutive columns give:
Column 1: IAU name at epoch J2000.
J. Machalski et al.: New sample of giant radio sources 5
Fig. 2. Low-resolution spectra of the sample galaxies taken with the 3.5m Apache Point Observatory telescope
Column 2: Fanaroff-Riley morphological type. ‘D’ in-
dicates a diffuse morphology of the radio lobes without
any detectable hot spot(s).
Column 3: 1.4 GHz total flux density in mJy.
Column 4: Radio spectral index between 325 and 4860
MHz.
Column 5: Flux density of the radio core determined at
5 GHz. The values available only at 1.4 GHz are marked
with asterisks.
Column 6: Largest angular size in arcsec.
Column 7: Axial ratio of the source measured as the
ratio between the largest angular size (cf. column 6) and
the average of the full width of its two lobes. The latter
is determined as the deconvolved width of the transver-
sal cross-section through the lobes measured between 3σ
total-intensity contours half-way between the core and the
outer edge of the source.
Column 8: Optical identification.
Column 9: Apparent R-band magnitude of the identi-
fied host optical object taken from the reference given in
Col. 10.
Column 10: Redshift of the host object (galaxy). The
value in parenthesis is the photometric redshift estimate
based on the assumption that the host optical counterpart
is a galaxy with MR=−23.
m65 (cf. Paper I).
Column 11: References to the optical magnitude and
redshift.
Column 12: Notes about individual sample sources
(given below).
Notes on individual sources in Table 3:
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Table 3. The updated sample. New entries are marked in bold face
IAU name FR S1.4 αhf Score LAS AR opt. R z Ref. Notes
(J2000) type [mJy] [mJy] [”] id. [mag]
J0720+2837 II 46 0.79 1.03 376 8.4 G 17.75 0.2705 1,6
J0725+3025 II 35 1.4 2.72 175 6.0 G 22.56 (0.70) 7
J0816+3347 IID 40 0.80 1.26 210 5.8 ? 20.29 (0.42) 7 +
J0912+3510 II 161 0.90 0.24 375 9.4 G 19.35 0.2489 1,6 +
J0927+3510 II 96 0.89 0.15 345 11.5 G 21.7 (0.55) 6,7 +
J1011+3111 II 71 0.7 1.13 285 8.1 G 21.2 (0.50) 6,7
J1113+4017 I/II 249 0.75 <15.2 646 11.1 G 14.56 0.0745 1,5
J1155+4029 II 323 1.00 13.7 229 13.5 G 21.5 (0.53) 6,7 +
J1200+3449 II 227 1.01 0.36 147 8.6 G 21.2 (0.50) 6,7
J1253+4041 IID 52 0.6 1.00 275 5.7 G 17.27 0.2302 1,6 +
J1254+2933 II 63 0.6 0.74 295 12.8 G 20.3 (0.42) 6,7
J1330+3850 IID 31 0.77 0.64 280 8.0 G 19.3 0.63? 2,6 +
J1343+3758 II 140 0.88 1.09 678 12.1 G 17.94 0.2267 1,6 +
J1344+4028 I/II 209 0.76 <22.0 450 6.8 G 14.92 0.0748 1,6 +
J1345+3952 II 170 1.05 <1.0 192 5.1 G 15.80 0.1611 1,6
J1355+2923 II 140 1.02 1.86 263 4.4 G 20.4 (0.43) 6,7
J1428+2918 II 448 1.04 12.8 905 7.9 G 13.0 0.0870 5
J1428+3938 IID 90 1.23 3.46 269 9.6 G 21.11 (0.50) 7
J1445+3051 II 97 0.90 10.9 300 8.1 G 19.0 0.42 4
J1451+3357 II 142 0.91 3.89 245 4.4 G 18.7 0.3251 6
J1453+3309 II 455 0.94 3.84 320 7.6 G 18.3 0.249 5
J1512+3050 II 107 0.64 5.4* 240 5.3 G 15.98 0.0895 1,6
J1513+3841 IID 23 0.7 <1.0 267 4.8 G 19.4 0.52? 2,7 +
J1525+3345 IID 51 0.83 2.41 215 5.4 G 20.9 (0.47) 6,7
J1526+3956 II 62 1.0 ? 536 ? ... .... ....
J1554+3945 II 74 0.82 0.84 220 8.2 G 19.5 (0.35) 6,7
J1555+3653 II 106 0.94 15.5 349 8.1 G 18.56 0.2472 1,6
J1604+3438 II 146 0.95 1.04 200 5.0 G 18.8 0.2817 1,2 +
J1604+3731 II 122 1.03 2.74 182 5.2 G? .... 0.814 3 +
J1615+3826 IID 34 0.77 0.40 264 6.9 G 17.59 0.1853 1,6 +
J1632+3433 II 28 0.9 3.9* 180 7.2 ... .... ....
J1635+3608 I/II 100 0.66 3.8* 320 10.7 G 17.30 0.1655 1,6
J1649+3114 II 153 0.82 2.22 209 9.1 G 19.62 0.4373 1,2
J1651+3209 I/II 68 0.6 28.1* 430 ? ... .... ....
J1712+3558 II 87 0.76 0.55 211 7.5 G 19.1 0.3357 1,2
J1725+3923 II 88 0.91 1.08 288 6.9 G 18.76 0.2898 1,2
References
(1) Digitized Sky Survey (DSS) (5) Schoenmakers et al. (2001)
(2) Chyz˙y et al. (2005) (6) Paper I
(3) Cotter et al. (1996) (7) this paper
(4) Hook et al. (1998)
J0816+3347: The radio core coincides with a very blue
object in the POSS1 (O − E=−0.m0.4; E = 18.m76). Our
photometry in March 2000 gave R = 20.m7 ± 0.m2, and
R = 20.m29 ± 0.m04 in Dec. 2004. The blue colour and a
probable optical variability may suggest a QSO, however
the diffused radio lobes and the low-brightness bridge ev-
ident in the NVSS map (cf. Fig. 1b) are typical for radio
galaxies.
J0912+3510: The detected compact core is 2.6′′ from
the identified galaxy (cf. Table 2). This identification and
the measured redshift of 0.2489 may not be certain due to
a poor coincidence with the radio core and the fact that
the object visible in the DSS field (marked with ”A” in
Fig. 4a) appears to be a close pair of galaxies that can be
unrelated. Figure 4c shows the deep direct image taken
with the McDonald 2.1m telescope. The two galaxies are
separated by about 3.′′5, while the optical spectrum was
measured through the 2′′ slit (cf. Paper I), therefore there
is some doubt as to which galaxy was actually measured
due to a limited telescope-pointing accuracy of about 2′′–
3′′.
J0927+3510: Possibly of a double-double morphol-
ogy. The two inner components (cf. Fig. 5a) surround
the faintest core detected among the sample sources.
Their brightness peaks at the positions of 09h27m45.s97;
+35◦11′00.′′8 and 09h27m53.s56; +35◦10′41.′′9 determined
from the VLA 8.46 GHz map. The outer, much brighter
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lobes are terminated by hot spots clearly visible in that
map shown in Paper I.
J1155+4029: Extremely large flux-density ratio be-
tween the two lobes measured at four frequencies [325
MHz: WENSS (Rengelink et al. 1997); 408: B3 (Ficarra
et al. 1985); 1400 MHz: NVSS (Condon et al. 1998); and
4860 MHz: this paper] and the characteristic inverse ra-
tio of the lobes’ separation may suggest a less than 90◦
inclination angle of this source to the observer line.
J1253+4041:The detected radio core (cf. Table 2) con-
firms the optical identification given in Paper I.
J1330+3850: The detected radio core (cf. Table 2) co-
incides perfectly with the R≈19.3 mag galaxy, the cer-
tain host galaxy of this large source with strongly diffused
lobes. Its redshift as suggested by Chyz˙y et al. (2005) re-
mains uncertain because no evident emission lines were
detected in the optical spectrum.
J1343+3758: This source has been analysed in detail
by Jamrozy et al. (2005) where its synchrotron and dy-
namical ages are determined, and a number of physical
parameters derived.
J1344+4027: This extended double source of FRI/II-
type morphology is badly confused by a strong background
FRII-type source.
J1513+3841: The redshift is uncertain for the same
reason as that in J1330+3850.
J1604+3438: Possibly of a double-double morphology.
J1604+3731: The 613 MH GMRT map of this source
has recently been published by Konar et al. (2004).
J1615+3826:The radio core detected (cf. Table 2) con-
firms the optical identification given in Paper I.
5. Analysis of radio maps
5.1. Physical parameters derived from the data
The NVSS, FIRST, and our VLA maps are used to deter-
mine the basic physical parameters of the sample sources.
These parameters are given in Table 4; their value, which
is less certain because of the preliminary photometric red-
shift estimate, is marked with asterisk.
After the source name (column 1), the subsequent
columns are:
Column 2: Projected linear size calculated with
H0=71kms
−1Mpc−1 and Ωm=0.27. These values of cos-
mological constants cause a reduction in size for most sam-
ple sources with respect to their value of D > 1 Mpc
determined with H0=50km s
−1Mpc−1, as used in most
previously published papers.
Column 3: Logarithm of total radio power at the emit-
ted frequency of 1.4 GHz calculated using the cosmological
constants as in Col. 2.
Column 4: Logarithm of the core power at the emitted
frequency of 4.9 GHz.
Column 5: Core prominence defined as cp =
P core5 /(P1.4 − P
core
5 ).
Column 6: Source axis orientation indicator defined
as the ratio between the observed core luminosity, P core5 ,
and its value expected from the statistical relation of
Giovannini et al. (2001), scaled here from their original
408 MHz total power to the total power at 1.4 GHz as-
suming a spectral index of 0.75, and transformed to the
cosmological constants adopted in this Paper: PCN =
P core/(P 0.601.4 + 8.5).
Column 7: Average magnetic field strength, Beq, cal-
culated using the formula of Miley (1980), i.e. under as-
sumption of energy equipartition, a cylindrical geometry
of the extended emission with the base diameter equal to
the average width of the lobes, usually measured half-way
between the core and the brightest regions, using the pre-
scription of Leahy & Williams (1984), a filling factor of
unity, and the equipartition of kinetic energy between rel-
ativistic electrons and protons. The total radio luminosity
is integrated from 10 MHz to 100 GHz.
Column 8: Minimum energy density, ueq, calculated
under the same assumptions.
Column 9: Total energy contained in the source, i.e. the
minimum energy density times the volume of the source’s
cocoon.
Column 10: Ratio of the equivalent magnetic
field strength of the microwave background radiation,
BiC=0.318(1+z)
2[nT], to the equipartition magnetic field
Beq.
5.2. Fractional polarisation, depolarisation, and
rotation measures
To determine the crude values of depolarisation and rota-
tion measures for the sample sources whose 4.9 GHz maps
are shown in Figs. 3 – 19, we use the commonly available
1.4 GHz NVSS maps of the Stokes I,Q, U parameters. For
each of those sources, the areas comprising the detected
emission of their two lobes were determined on the Stokes
I map, and pixels outside the lobe area with the total
intensity flux less than 3σI were blanked. Because NVSS
maps have a lower angular resolution than our maps, we
first convolved the original 4.9 GHz VLA I,Q, U maps
with the NVSS beam of 45′′ × 45′′. The 1.4 and 4.9 GHz
maps were centred to the same sky position with the task
hgeom, and for the sample sources with the compact core
detected at both frequencies (at 1.4 GHz: in the FIRST),
the alignment was also checked using the core position.
Next, for each of the analysed sources, a rectangular area
(box) was chosen around its two lobes, and the integrated
value of S′p and the mean polarisation angle χ¯
′ were mea-
sured within each box using the maps of fractional polar-
isation and polarisation angle, again made with the task
comb.
The mean values of the fractional polarisation for each
lobe is determined as
p¯′k = (S
′
p)k/(S
′
I)k,
and the associated position angle is χ¯′k for k=1.4, 4.9 GHz.
Note that the primed symbols indicate parameters whose
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Table 4. Physical parameters of the sample sources
Source D logP1.4 logP
core
5 cp PCN Beq ueq10
−14 U 1052 BiC
Beq
[kpc] [WHz−1] [WHz−1] [nT] [Jm−3] [J]
J0720+2837 1542 24.99 23.26 0.018 0.58 0.092 0.79 0.95 5.57
J0725+3025 1246* 25.9* 24.5* 0.045 2.88 0.190 3.34 4.09 4.84
J0816+3347 1155* 25.4* 23.7* 0.024 0.91 0.155 2.24 2.36 4.13
J0912+3510 1444 25.46 22.55 0.001 0.06 0.162 2.43 1.92 3.06
J0927+3510 2200* 26.0* 23.1* <0.001 <0.09 0.153 2.18 4.09 4.98
J1011+3111 1740* 25.8* 23.9* 0.012 0.83 0.134 1.67 3.02 5.33
J1113+4017 886 24.49 <23.2 <0.058 1.01 0.113 1.18 3.05 3.25
J1155+4029 1440* 26.5* 24.9* 0.028 3.16 0.487 22.0 8.30 1.53
J1200+3449 890* 26.3* 23.3* 0.001 0.10 0.473 20.8 4.57 1.51
J1253+4041 996 24.86 23.09 0.017 0.47 0.098 0.89 0.62 4.93
J1254+2933 1630* 25.5* 23.5* 0.009 0.50 0.161 2.42 1.46 3.97
J1330+3850 1910 25.67 23.80 0.014 0.79 0.148 2.03 5.10 5.71
J1343+3758 2427 25.30 23.12 0.007 0.28 0.103 0.99 2.23 4.63
J1344+4028 630 24.42 <23.42 <0.100 0.128 1.51 0.19 2.88
J1345+3952 520 25.06 <22.8 <0.005 <0.18 0.196 3.57 0.45 2.19
J1355+2923 1468 25.97 23.94 0.009 0.72 0.152 2.15 1.98 4.27
J1428+2918 1412 24.89 23.31 0.026 0.75 0.089 0.73 0.77 4.23
J1428+3938 1630* 26.0* 24.4* 0.023 1.99 0.272 6.84 7.46 2.64
J1445+3051 1653 25.77 24.69 0.083 5.35 0.140 1.82 2.88 4.58
J1451+3357 1147 25.68 24.00 0.021 1.24 0.143 1.89 3.44 3.92
J1453+3309 1238 25.92 23.75 0.007 0.51 0.199 3.68 2.78 2.49
J1512+3050 396 24.32 23.00 0.048 0.81 0.129 1.54 0.08 2.93
J1513+3841 1655 25.33 <23.8 <0.032 <1.26 0.096 0.85 3.90 7.69
J1525+3345 1260* 25.6* 24.1* 0.032 1.74 0.145 1.95 3.14 4.74
J1554+3945 1080* 25.5* 23.4* 0.009 0.41 0.173 2.76 1.22 3.36
J1555+3653 1335 25.28 24.35 0.117 4.81 0.139 1.80 1.50 3.55
J1604+3438 845 25.55 23.30 0.006 0.29 0.182 3.07 1.71 2.87
J1604+3731 1376 26.59 24.67 0.012 1.64 0.272 6.85 15.2 3.85
J1615+3826 805 24.49 22.50 0.010 0.20 0.097 0.87 0.22 4.62
J1635+3608 895 24.83 23.38 0.036 0.96 0.180 3.02 0.36 2.48
J1649+3114 1179 26.00 24.03 0.011 0.85 0.278 7.19 3.30 2.36
J1712+3558 1013 25.48 23.18 0.005 0.25 0.184 3.14 1.33 3.08
J1725+3923 1244 25.35 23.33 0.010 0.42 0.132 1.62 1.53 4.01
values are determined from the convolved maps. We define
the depolarisation measure as the ratio
DP = p¯′1.4/p¯
′
4.9
although this frequently used definition implies an increas-
ing depolarisation if the DP value decreases. According to
the simple models of the ‘Faraday-thin’ screens (e.g. Laing
1984), the resulting low depolarisation of the sample mem-
bers (DP ≫ 0.2; cf. Table 5) implies that the difference
between the rotation angles χ¯′1.4− χ¯
′
4.9 is always less than
90◦. This allows us to calculate the Faraday rotation mea-
sure necessary to determine the intrinsic polarisation angle
in the sample sources. The two-point rotation measure is
calculated as the ratio
RM = (χ¯′1.4 − χ¯
′
4.9)/(λ
2
1.4 − λ
2
4.9).
The error in total flux density is calculated as
δS′I = (σ
2
I Aint)
1/2,
where σI is the rms noise of the total-intensity map, and
Aint is the integration area in units of the beam solid angle.
The value of rms noise for 1.4 GHz, σI=0.45 mJy beam
−1,
is taken from Condon et al. (1998), while its value for 4.9
GHz is measured in the particular VLA map. The errors
in polarised flux density and fractional polarisation are
calculated as
δS′p =
[
(S′Q · δS
′
Q)
2 + (S′U · δS
′
U )
2
]1/2
S′p
,
where δS′i = (σ
2
iAint)
1/2 for i = Q,U . The rms noise in
polarised flux density at 1.4 GHz, σi = 0.29 mJy beam
−1,
again is taken from Condon et al., and its value for 4.9
GHz is measured in the particular VLA Q and U maps,
and
δp¯4.9 =
[
(δS′p/S
′
I)
2 + (S′pσI/S
′2
I )
2
]1/2
.
The dispersion of the polarisation angle, σ4.9, is deter-
mined from the original (not convolved) polarisation angle
maps by
σ4.9 =
[∑
i
(χi − χ¯4.9)
2/Aint
]1/2
,
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Table 5. Polarisation data for the sample sources
Source Lobe closer to the core Lobe farther to the core
lobe p¯4.9 χ¯4.9 DP RM lobe p¯4.9 χ¯4.9 DP RM
±δp¯4.9[%] ±σ4.9[
◦] [radm−2] ±δp¯4.9[%] ±σ4.9[
◦] [radm−2]
J0720+2837 SW 4.7±2.5 +36±27 NE 4.4±2.1 −44±34
J0912+3510 N 18.5±2.6 +44±8 1.11±0.19 +15±7 S 17.9±1.6 +40±9 0.90±0.11 +13±7
J0927+3510 E 12.1±1.6 −6±6 1.14±0.21 +6±9 W 16.1±2.3 +11±8 1.34±0.26 +12±8
J1113+4017 NE 13.7±1.0 −27±5 1.49±0.15 +11±6 SW 19.5±1.2 −33±6 1.03±0.12 +6±5
J1155+4029 N 3.0±0.4 −36±16 1.05±0.17 −1±7 S 8.2±1.9 −49±11
J1343+3758 N 15.9±1.4 −1±9 1.15±0.21 +2±5 S 7.1±0.7 −5±7 1.87±0.29 −0±8
J1428+3938 S 14.7±2.6 −42±13 1.29±0.25 −3±8 N 24.0±4.8 −46±16 0.83±0.22 −2±10
J1445+3051 S 5.7±1.3 +24±13 N 11.7±2.8 +55±11
J1451+3357 SE 6.5±1.0 −32±7 0.96±0.26 +2±9 NW 13.0±1.2 +12±7 0.96±0.15 +3±7
J1525+3345 N 5.3±5.0 +14±13 S 5.8±2.3 −40±25
J1554+3945 S 12.7±2.0 +60±15 1.02±0.25 −8±6 N 18.9±2.2 +67±5 0.95±0.18 −2±6
J1555+3653 N 6.8±2.6 −8±24 S 10.0±1.2 −38±24 0.72±0.24 +2±7
J1604+3438 E 7.9±2.0 −18±10 W 8.1±2.2 +38±18
J1604+3731 S 8.5±2.9 −65±18 N 9.3±3.6 +35±17
J1649+3114 N 16.9±0.8 −3±11 1.04±0.08 +18±7 S 3.5±1.7 −56±18
J1712+3558 S 5.2±1.1 −8±30 1.11±0.32 +13±7 N 32.6±5.9 +45±9 0.78±0.23 +14±8
J1725+3923 S 6.4±2.0 −15±17 N 7.6±1.6 −17±16 1.75±0.49 −8±11
where the sum is taken over map pixels. A similar formula
is used to determine the dispersion of the polarisation an-
gles, σ′1.4 and σ
′
4.9, which are measured in the convolved
polarisation angle maps.
The polarisation parameters determined here for the
lobe closer to the radio core, and farther off the core of
the analysed sources are given in Table 5 as follows:
Column 1: IAU name at epoch J2000.
Columns 2 and 7: Lobe designation.
Columns 3 and 8: Fractional polarisation at 4.9 GHz
measured on the original map with its error.
Columns 4 and 9: Mean polarisation angle at 4.9 GHz
measured on the original map with its dispersion.
Columns 5 and 10: Depolarisation measure with error.
Columns 6 and 11: Rotation measure with error in
rad/m2.
The data in Table 5 show that depolarisation of the
lobe emission in the sample sources, in our case the gi-
ant radio galaxies, is extremely low. Though some DP
values are formally much greater than unity, their uncer-
tainty is also high due to usually very low flux densities in
the polarised-intensity maps. The median DP value for 20
lobes is 1.04±0.05; i.e. it is close to unity. Also, the RM
values suggest that the Faraday rotations of the polarisa-
tion planes are mild.
The maps in Figs. 3 – 19 show that the dominant po-
sition angles of the magnetic fields in the lobes are close
to those of the main axes of the sample sources. The only
exception to this behaviour can be seen in the sources
J0912+3510 and J1445+3051, where the angle between
the mean direction of magnetic fields and the source’s axis
is larger than 45◦. In the sources with twisted lobes (e.g.
J1113+4017; J1451+3357), the direction, i.e. the magnetic
field projected vectors, seems to follow bends in the lobe
structures. In most of our maps, the hot spots are not
resolved from the lobes, and their emission is strongly de-
polarised in the beam. However, if they are resolved out
(e.g. in J1343+3758; J1712+3558), the mean direction of
the magnetic fields tends to be almost transversal to the
source’s axes.
6. Comparison with other samples
In this section we compare some statistical characteristics
of our sample with relevant characteristics that can be de-
rived for other samples of giant radio sources. The main
characteristics are: distributions of the redshift, projected
linear size, and monochromatic radio power. A simple one-
figure presentation of these distributions is the radio power
vs. intrinsic size relation (P −D diagram). In Fig. 21 we
plot this diagram for the sources selected from the sam-
ples of Lara et al. (2001), Schoenmakers et al. (2001),
Machalski et al. (2001), and Saripalli et al. (2005), i.e. lim-
ited to the sample members of FRII-type or FRI/II-type
morphology and having spectroscopic redshift, or its reli-
able photometric estimate. We determine the radio power
at the frequency of 1.4 GHz using flux densities published
in the original Lara et al.’s and Schoenmakers et al.’s pa-
pers (mostly NVSS flux densities), and the ones in Table 3
for our sample. For the Saripalli et al.’s sample, the power
is calculated by transforming original 843-MHz flux den-
sities into 1.4 GHz ones, assuming a mean spectral index
α = −0.8.
Since our sample was selected in the same way as the
samples of Lara et al. and Schoenmakers et al., the se-
lection effects are very similar to those described and dis-
cussed in the above papers. The only differences were val-
ues of the selection limits for the minimum angular size
and minimum of 1.4 GHz flux density. The Saripalli et al.’s
sample, though selected at another observing frequency,
has a limiting flux density comparable to those for the
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above two samples. The dashed curved line in Fig. 21 in-
dicates the position of a source with the total flux den-
sity of 30 mJy at 1.4 GHz and the angular size of 6 arc
min, as a function of the source’s redshift. An area be-
low this curve is the part of the diagram in which sources
cannot be selected due to the sensitivity limit of the find-
ing surveys (WENSS, NVSS, SUMSS). The largest giant
sources known, e.g. B2147+816, SGRS J0331-7710, and
J1343+3758 (in the diagram), as well as 3C236 (out of
the diagram), lie within the above area due to their angu-
lar sizes being significantly larger than 6 arc min.
The statistical characteristics of the four samples are
given in Table 6. They are limited to their members with
FRII or FRI/II morphology, with spectroscopic redshift
or its photometric estimate, and to those larger than 700
kpc. The consecutive columns give:
Column 1: The sample.
Column 2: Sky area of the sample in sr.
Column 3: Number of sources fulfilling the above re-
strictions.
Column 4: Angular size limit in arc min.
Column 5: Approximate 1.4-GHz flux density limit in
mJy.
Column 6: Median redshift.
Column 7: Redshift mean deviation.
Column 8: Median linear size in Mpc.
Column 9: Size mean deviation in Mpc.
Column 10: Median logarithm of 1.4-GHz power in
WHz−1.
Column 11: Logarithm of power mean deviation in
WHz−1.
The data in Table 6 imply that:
– All the four samples probe a same part of the popu-
lation of extragalactic radio sources, especially as regards
the range of radio power. There is practically no differ-
ence in the median deviations of 1.4-GHz power, though
the median power in the Schoenmakers et al.’s sample is
about 2.5 times lower than those in the remaining three
samples.
– The intrinsic size distributions in all the samples are
comparable, so the differences in the size mean deviations
are not statistically significant.
– The lower limiting angular size and flux density
in our sample result in detections of more distant radio
sources (the highest median redshift) than those detected
in the other samples.
Thus, we conclude that a search for giant candidates,
among radio sources smaller than ∼4 arc min and with
the 1.4-GHz flux density lower than ∼100 mJy, can re-
sult in detections of the most distant giant-size sources.
In turn, their studies can shed more light on the prob-
lems of the intergalactic medium (IGM) homogeneity, its
cosmological evolution, voids, etc.
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Table 6. Comparison of the samples; the median and mean deviation (MD) values in distributions of redshift, linear
size, and 1.4-GHz power
Sample A N Θmin Smin Median z MDz Median D MDD Median logP1.4 MDP
[sr] [′] [mJy] [Mpc] [Mpc] [WHz−1] [WHz−1]
Schoenmakers et al. – 22 5 ∼100 0.16±0.02 0.06 1.14±0.10 0.32 25.18±0.16 0.47
Lara et al. 0.84 29 4 100 0.21±0.02 0.11 1.07±0.08 0.64 25.59±0.15 0.42
Saripalli et al. 0.64 15 5 ∼100 0.25±0.03 0.08 1.52±0.21 0.52 25.61±0.13 0.38
our 0.47 31 3 30 0.38±0.07 0.14 1.30±0.09 0.30 25.52±0.10 0.40
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Fig. 3. 4.86-GHz VLA images of the source J0720+2837. (a) total intensity (Stokes I parameter) logarithmic contours
spaced by a factor 21/2 are plotted starting with a value for C. The value of C in mJy/beam is given in each panel
and is about 3 times the rms noise level of the particular map. Superimposed are electric field E-vectors (rotated by
90◦) with their length proportional to the polarised intensity Sp. The radio contours are overlaid on the optical field
taken from the DSS. Compact radio core coincidences with the host galaxy. (b) Linearly polarised intensity contours
with the vectors of the fractional linear polarisation superimposed. Lengths of these vectors are proportional to the
percent of polarisation
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Fig. 4. As in Fig. 3a,b but for the source J0912+3510. Enlarged deep optical field, taken with the McDonald 2.1m
telescope and revealing the close pair of galaxies coincident with the radio core, is shown panel (c). The full square in
panel (b) indicates the position of the evident hot spot
14 J. Machalski et al.: New sample of giant radio sources
Fig. 5. As in Fig. 3a,b but for the source J0927+3510. The total-intensity contours in panel (a) are overlaid onto the
deep optical field taken with the McDonald 2.1m telescope. The cross marks position of the identified host galaxy.
The full squares in panel (b) on this and other maps indicate the positions of the evident hot spots
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Fig. 6. As in Fig. 3a,b but for
the source J1113+4017
16 J. Machalski et al.: New sample of giant radio sources
Fig. 7. As in Fig. 3a,b but for the source J1155+4029. The total-intensity contours in (a) are overlaid onto the deep
optical field taken with the McDonald 2.1m telescope and showing the R ≈21.5 mag host galaxy
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Fig. 8. As in Fig. 3a,b but for the source J1343+3758 except the logarithmic contours, which are spaced by a factor
of 2
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Fig. 9. As in Fig. 3a,b but for the source J1428+3938. The total-intensity contours in (a) are overlaid onto the deep
optical field taken with the Asiago 1.8m telescope and showing the R=21.11 mag host galaxy in the vicinity of a very
bright foreground star
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Fig. 10. As in Fig. 3a,b but for the source J1445+3051
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Fig. 11. As in Fig. 3a,b but
for the source J1451+3357.
The bright radio core and the
host galaxy are marked with
‘A’. The compact component
(marked with ‘B’) is a back-
ground 0.69 mJy source
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Fig. 12. As in Fig. 3a,b but for the source J1525+3345
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Fig. 13. As in Fig. 3a,b but for the source J1554+3945
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Fig. 14. As in Fig. 3a,b but for the source J1555+3653. A strong compact double source to the west is unrelated to
the sample source
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Fig. 15. As in Fig. 3a,b but for the source J1604+3438
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Fig. 16. As in Fig. 3a,b but for the source J1604+3731
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Fig. 17. As in Fig. 3a,b but for the source J1649+3114
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Fig. 18. As in Fig. 3a,b but
for the source J1712+3558
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Fig. 19. As in Fig. 3a,b but for the source J1725+3923
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Fig. 20. As in Fig. 3a but for the
source J1615+3826. There is a lack
of detectable polarisation in this
source
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Fig. 21. Power vs. size diagram for the samples being
compared. Filled circles mark sources from our sample;
triangles correspond to the Lara et al.’s sample; crosses to
the Schoenmakers et al.’s sample, and open squares to the
Saripalli et al.’s sample. The dashed curved line indicates
the position of a source with the flux density of 30 mJy
and an angular size of 6′ at different redshifts (marked
with small arrows).
